Abstract-In digital image processing, edge detection of images is an important and difficult task. Also, if the images are corrupted by noise, it smears some details and thus resulting in inaccurate edge detection. Hence, a pre-processing step must be taken before the edge detection. In this paper a new approach for edge detection with noise filtering of digital images using Cellular Automata Game of Life is presented. This procedure can easily be generalized and used for any type of digital media. To illustrate the proposed method, some experiments have been performed on standard test images and compared with popular methods. The results reveal that the proposed method has relatively desirable performance.
I. INTRODUCTION
Ulam [1] and Von Neumann [2] at first proposed Cellular Automata (CA) with the intention of achieving models of biological self-reproduction. After a few years, Amoroso and Fredkin and Cooper [3] described a simple replicator established on parity or modulo-two rules. Later on, Stephen Wolfram formed the CA theory [4] , [5] . Nowadays, CA are widely used in many tasks because of their useful characteristics and various Detecting the edge components of the image, one of the most important image processing tasks, is used for object background separation, 3-D interpretation of a 2-D image, and pre-processing in image understanding and recognition algorithms [6] , [7] . It usually gives as output a binary image in which the edge points have been highlighted. Edge detection is a mandatory step in many image analysis procedures, and the quality of edge detection is a crucial characteristic [8] . Quality is assessed in two different ways: accuracy of edge detection, and level of connectivity in continuous edges. If some edges are still unconnected after edge detection, then an additional edge linking process is required [9] , [10] .
In transmission process, the data value of input image will suffer from various kinds of noises. These sources of noise may come from external interferences, e.g. atmospheric noise, man-made noise, that will cause the perturbations to the system. These perturbations can produce the wrong information in system operation. [18] . Others are adaptive median filter [19] and progressive switching median [20] . In this paper, we present a filter based on cellular automata, which is used to remove impulse noise from noise-corrupted images [21] [22], [26] .
There are many methods for edge detection, and most of them use the computed gradient magnitude of the pixel value as the measure of edge strength [11] .
The early days of works on edge detection are done by Sobel and Roberts [28] . [29] , Prewitt edge detection [29] , Canny edge detection [31] and Roberts edge detection [30] .
A method for the evolutionary design of CA rules for edge detection was proposed by Batouche et al. [12] , [15] . Two dimensional binary CA are used for binaryimage edge detection, and transition rule evolution is guided by a genetic algorithm. Another application of this method was done by Rosin and the method was extended to handle gray-scale images [13] . The images are decomposed into a number of binary images with all possible thresholds. Each of the binary images is processed using binary CA rules. Rosin later applied an improved version of this method to edge detection [14] .
However, this method has a very long calculation time due to the iterative process used for hundreds of binary images.
In this paper a new and optimal approach of noise The total number of neighbourhood cells including itself is five as shown in the equation (1) [10] :
where, k is the number of states for the cell and l is the space of image pixels. Besides the four cells of von Neumann neighbourhood, moore neighbourhood also includes the four next nearest cells along the diagonal.
In this case, the radius r=1 too. The total number of neighbour cells including itself is nine all as shown in the equation (2) [10] :
The state of the target cell at time t+1 depends on the states of itself and the cells in the moore neighbourhood at time t, that is:
, S i,j+1 (t) , S i+1j-1 (t) , S i+1,j (t) , S i+1,j+1 (t) ) (3) •. Cells are scatted in the grid.
III. GAME OF LIFE
•. The cell has two states with 0 or 1, we can define state 0 as "dead" and state 1 as "live" and neighbourhood radius is set to 1.
•. The eight cells adjacent to center cell is defined as neighborhood cells.
•. A state of a cell depends on the states of its neighborhood cells and its state in the moment.
The next state of a cell is determined as follows: • "Birth": A cell dead at time t becomes alive at time t+1 if exactly three of its neighbors are alive at time t.
• "Death by overcrowding": A cell alive at time t dies at time t+1 if four or more of its neighbors are alive at time t.
• "Death by exposure": A cell alive at time t dies at time t+1 if one or none of its neighbors are alive at time t. • "Survival": A cell alive at time t will remain alive at time t+1 if two or three of its neighbors are alive at time t. Mathematically, the overall evolutions rules of the GoL can be described as follows:
Where, St is cell state at the t-0, St+1 and sum is the number of "live" cells in the eight neighborhood cells.
IV. PROPOSED MODEL
The following is the construction of CA model for edge detection and noise filtering:
At first we use the greyscale image f(x,y) for initial To judge the edge point and non-edge point, the centre cell S t i,j needs to meet the criterion of the CA GoL described in the above section.
Secondly, we take a binary image corrupted with "Salt and pepper Noise". In order to remove the noise as well as detect the edges, we apply the same CA GoL 
VI. CONCLUSION
In this paper we have propose a new method for edge detection with noise filtering based on CA GoL. Further, we investigate new rules base on CA GoL for edge detection with noise filtering that shows great improvements over the standard CA GoL. By experimental comparison of different methods of edge detection we observe that the proposed method leads to a better performance. The experimental results also demonstrated that it works satisfactorily for different digital images. This method has potential future in the field of digital image processing. The work is under further progress to examine the performance of the proposed edge detector with noise filtering for different digital images affected with different kinds of noise. 
